cancer hospital, nanchang, Jiangxi Province, People's republic of china *These authors contributed equally to this work Purpose: Polymorphism in miR-146a (rs2910164) has been reported to be associated with gastric cancer risk in the Chinese population. We aimed at evaluating the relationship between rs2910164 and the clinical characteristics and outcomes in stage IB-III gastric cancer patients treated with adjuvant chemotherapy after surgery. Materials and methods: Ninety-eight patients with stage IB-III gastric cancer treated with surgical resection followed by adjuvant chemotherapy of oxaliplatin and fluoropyrimidines were included in the analysis. Genomic DNA was extracted from peripheral blood sample of all patients. Polymerase chain reaction-based restriction fragment length polymorphism assay was used to determine the genotypes.
Introduction
Gastric cancer is the fifth most common cancer and the third leading cause of cancer death worldwide. 1 Approximately two-thirds of gastric cancer patients were diagnosed in developing countries, especially in the People's Republic of China, Japan, and Korea. 2 After World War II, the incidence rate of gastric cancer in developed countries has been declining, 3 but gastric cancer is still one of the most common malignancies in the People's Republic of China. Many gastric cancer patients in the People's Republic of China are diagnosed at relatively later stages and should receive adjuvant chemotherapy with or without radiation after surgical resection. Oxaliplatin combined with fluoropyrimidines (including 5-fluorouracil , capecitabine, S-1, etc) are most commonly used chemotherapy regimens. 4 
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liao et al some patients will develop recurrence or metastasis sooner or later; the prognosis of these patients is poor with median overall survival (OS) less than 12 months. 6 It is very important for us to identify biomarkers that can predict the risk of recurrence or metastasis and the response to chemotherapy. microRNAs (miRNAs) are evolutionarily conserved, single-stranded, small noncoding RNAs. 7 It has been estimated that miRNAs regulate expression of approximately 10%-30% human genes by binding to the 3′ untranslated region of their target messenger RNAs (mRNAs). 8 More than half of the known miRNAs are located in cancer-associated genomic regions. 9 They play an important role in various biologic or pathologic processes, such as cell proliferation, differentiation, apoptosis, and tumor initiation and progression. 10 Polymorphism or mutation in miRNA sequence or in their target gene sequence may influence the maturation or miRNA-mRNA interaction and thereby the expression level of their target genes. 11 Some studies have shown that a G . C (G: guanine, C: cytosine) polymorphism in miR-146a precursor (rs2910164) results in increased level of mature miR-146a. 12, 13 rs2910164 has been reported to be associated with gastric cancer risk in the Chinese population. 14, 15 But it is still needs to be verified if rs2910164 could predict the prognosis of gastric cancer patients treated with oxaliplatin and fluoropyrimidines.
In our study, we enrolled 98 stage IB-III gastric cancer patients who received oxaliplatin and fluoropyrimidines as adjuvant chemotherapy, and explored the association between rs2910164 and the clinical characteristics and outcomes of these patients. Between January 2011 and December 2012, 98 eligible patients were included in our study.
Materials and methods

Patients and clinical samples
Chemotherapy regimens included 1) 84 patients who received mFOLFOX6: oxaliplatin 85 mg/m 2 intravenous (IV) over 2 hours on day 1+ Leucovorin 400 mg/m 2 IV over 2 hours on day 1+5-FU 400 mg/m 2 IV bolus on day 1, 5-FU 2,400 mg/m 2 continuous intravenous infusion 46 hours, every 2×24 weeks; 2) eight patients received XELOX: oxaliplatin 130 mg/m 2 IV over 2 hours on day 1+ capecitabine 1,000 mg/m 2 twice daily on day 1-14, every 3×24 weeks; 3) six patients received SOX: oxaliplatin 130 mg/m 2 IV over 2 hours on day 1+ S-1 40-60 mg twice daily on day 1-14, every 3×24 weeks.
All patients were followed up according to National Comprehensive Cancer Network guidelines (every 3 months or whenever they experienced suspicious symptoms and signs indicating recurrence or metastasis). Follow-up included a history and physical examination, complete blood count, chemistry profile, and abdominal computed tomography with contrast. DFS (disease-free survival) was defined as time from the date of diagnosis to the date of recurrence or metastasis. OS was defined as time from the date of diagnosis to the date of death from any reason or last follow-up. The median follow-up time was 24 months.
Dna extraction and genotyping
The blood samples were collected before adjuvant chemotherapy. Genomic DNA was extracted from the peripheral 
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Polymorphism in miR-146a and gastric cancer blood sample of all patients. A 5 mL blood sample was collected from each patient. Genomic DNA was isolated by standard proteinase K digestion and phenol-chloroform extraction from the blood samples. DNA purity and concentration were determined by spectrophotometric absorbance measurements at 260 and 280 nm using an ultraviolet spectrophotometer. TE buffer was used as control.
Genotypes of rs2910164 were determined by polymerase chain reaction-based restriction fragment length polymorphism (PCR-RFLP). Primers were 5′-CATGGGT TGTGTCAGTGTCAGAGCT-3′ (sense) and 5′-CCTT CAGAGCCTGAGACTCTGCC-3′ (antisense). PCR was done in a total volume of 10 μL, containing 5 ng genomic DNA, 2.5 pmol each primer, 4 μL double distilled H 2 O, and 5 μL PCR Mix. PCR consisted of 35 thermal cycles at 95°C for 30 seconds, 62°C for 40 seconds, and 72°C for 45 seconds, using a PTC 200 Thermal Cycler (Bio-Rad, Hercules, CA, USA). For RFLP analysis, PCR products were digested with SacI (5 U) at 37°C overnight, separated on a 3.0% agarose gel, and subsequently stained with ethidium bromide. 16 A negative control (no DNA template) was added in each assay to monitor PCR contamination. A 10% masked random sample of subjects was tested twice by different persons, and the results were concordant for all the masked duplicate sets. statistical analysis SPSS version 18.0 (SPSS Inc, Chicago, IL, USA) was used for statistical analysis. The descriptive analysis of rs2910164 genotypes and clinicopathological features was expressed both in absolute values and percentages. The association between the genotypes and clinicopathological features was analyzed based on chi-square or Fisher's exact probability tests. The 2-year DFS rates and 3-year OS rates were estimated by the Kaplan-Meier product limit method for each of the different genotypes and expressed in percentages. Comparisons were made with the log-rank test. Hazard ratios of recurrence/metastasis and death with 95% confidence intervals (CI) were estimated by using the Cox model. All statistical tests are two-sided tests, and P,0.05 was considered significant.
Results
Patient characteristics
The median age was 54 years (range: 19-73 years). More patients (n=69, 70.4%) were younger than 60 years. Males and females accounted for 70.4% (n=69) and 29.6% (n=29), respectively. Primary lesion was located in cardia for only eight patients (8.2%). Twenty-seven (27.6%) patients showed well to moderately differentiated cells, and 71 (72.4%) patients showed poor differentiation or signet ring cells. Most patients were in T3-4 stage (n=79, 80.6%) or had regional lymph node metastasis (n=69, 70.4%). Eleven (11.2%), 26 (26.5%), and 61 (62.2%) patients were in stage IB, II, and III, respectively. The 2-year DFS rate was 63%, and the 3-year OS rate was 73.4% for all patients enrolled.
genotypes and clinicopathological features
The frequency of each rs2910164 genotype was 14.3% (14 specimens) for GG variant, 46.9% (46 specimens) for GC variant, and 38.8% (38 specimens) for CC variant. The results indicated that the risk of lymph node metastasis for GG carriers was higher than that for GC + CC carriers (P=0.059). rs2910164 genotypes were not associated with other clinicopathological features ( Table 1) .
genotypes and clinical outcomes
We further investigated whether there was significant difference in DFS and OS among patients with different clinicopathological features and genotypes. The Kaplan-Meier analysis with log-rank test for DFS indicated that T stage and Anatomic stage were significantly associated with 2-year DFS rate. The 2-year DFS rate for patients with T1-2 was significantly higher than those in T3-4 (88.2% vs 56.5%, P=0.023). The 2-year DFS rate was significantly different for patients in stage IB, II, and III (100%, 72.7%, and 51.0%; P=0.019). N stage revealed a borderline significant association with DFS (P=0.095). No significant association was detected between rs2910164 genotypes and DFS.
N stage (P=0.015) and Anatomic stage (P=0.018) were also significantly associated with 3-year OS rate (Figures 1  and 2 ). Vascular invasion (P=0.092) and neural invasion (P=0.071) showed borderline significant association with OS. The 3-year OS rate of GC + CC genotype carriers was significantly higher than that of GG carriers (75.1% vs 66.7%, P=0.041) (Figure 3) . Results are shown in Tables 2 and 3 .
After the multivariant Cox regression analysis, differentiation (P=0.033, relative risk: 5.116, 95% CI: 1.145-22.865) and lymph node metastasis (P=0.031, relative risk: 6.648, 95% CI: 1.191-37.118) were found to be independent prognostic factors for these patients.
Discussion
Some studies have investigated the relationship between miR-146a rs2910164 polymorphism and susceptibility of Abbreviations: n, the absolute number of patients; g, guanine; c, cytosine; ln, lymph node. gastric cancer; most of them were performed in Chinese or Asian population. Recently, a meta-analysis of these studies confirmed that the G allele was associated with increased risk of gastric cancer, especially in the Asian population. 14 In one meta-analysis, rs2910164 was found to be associated with increased gastric cancer risk, particularly in high quality studies with small sample size consisting of Caucasians. 15 It has been reported that polymorphism in miR-146a and the expression level of miR-146a were associated with the prognosis of oropharyngeal cancer, bladder cancer, glioma, and prostate cancer. [16] [17] [18] [19] However, only a few studies have investigated the relationship of rs2910164 or miR-146a and the clinical features and outcomes of gastric cancer. In our study, we enrolled patients at stage IB-III who received adjuvant chemotherapy after surgical resection. The results 
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Polymorphism in miR-146a and gastric cancer that miR-146a level was significantly reduced in GG genotype compared with the CC genotype, and lower levels of miR146a were associated with lymph node metastasis and venous invasion (P,0.05). Moreover, a lower level of miR-146a was an independent prognostic factor for OS (P=0.003).
The median OS of patients in the miR-146a low-and highexpression groups was 1.1 and 3.1 years, respectively. Okubo et al 21 investigated the association between rs11614913 in miR-196a2, rs2910164 in miR-146a, and rs3746444 in miR-499 and the clinicopathological characteristics and OS in gastric cancer patients. They found that among patients younger than 65 years of age, rs2910164 CG + GG genotype tended to be associated with worse OS than CC genotype (P=0.09). These results are consistent with those from our study, which indicated that patients with C allele usually had less aggressive tumors and better prognosis.
Gene encoding miR-146a is located on chromosome 5.
22 Polymorphism (rs2910164) within the sequence of miR-146a precursor leads to a change from a G:U (uridine) pair to a C:U mismatch in its stem region. In tumor cell lines, 12 researchers found that compared with the G allele, the amount of pre-and mature miR-146a from the C allele was reduced 1.9-and 1.8-fold, respectively. In clinical samples of gastric cancer, prostate cancer, thyroid cancer, liver cancer, breast cancer, and ovarian cancer, it also had been proved that rs2910164 was associated with tumor initiation and progression through influencing the expression level of miR-146a. 12, 13, 23 miR-146a influences the biologic features by regulating the expression of the target genes such as BRMS1, TRAF6, ROCK1, CXCR4, BRCA1/2, etc. Kogo et al 20 proved that expression of miR-146a significantly inhibited the cell's capability for migration and invasion by suppressing EGFR (epidermal growth factor receptor) and IRAK1 (interleukin-1 receptor-associated kinase 1) level. EGFR and IRAK1 had showed that compared with GC + CC carriers, GG carriers were more likely to develop regional lymph node metastasis. The 3-year OS rate of GC + CC carriers was significantly higher than that for GG carriers.
Kogo et al 20 24 IRAK1 and subsequent NF-κB has been proved to be associated with poor prognosis and invasion in gastric cancer. 25, 26 Okubo et al 21 demonstrated that rs2910164 CC and CG genotypes were associated with increased susceptibility to CIHM (CpG island hypermethylation) of DAP-kinase. It has been proved that CIHM is an important mechanism in gene silencing, and CIHM of tumor suppressor genes is also highly involved in gastric carcinogenesis. 27 All the results from our study and from the literature indicated that by regulating the expression level of miR-146a, rs2910164 might influence the biologic behavior of tumor cells and thereby the prognosis of gastric cancer patients.
Previous studies enrolled both early-stage and metastatic gastric cancer patients, and the chemotherapy regimens were inconsistent. However, all patients in our study received adjuvant chemotherapy of oxaliplatin and fluoropyrimidines. Since GG carriers had a poorer prognosis than GC + CC carriers, we assumed that GG carriers may be less sensitive to platinum-based chemotherapy. BRCA1 and BRCA2 are also target genes of miR-146a. Gu et al 28 found that in BRCA1/2 wild-type ovarian cancer patients receiving platinum-based chemotherapy, upregulation of miR-146a was associated with better prognosis. They demonstrated that upregulation of miR-146a reduced the expression level of BRCA1/2 and then impeded repair-related pathway and increased the sensitivity of platinum. We are now doing further research in gastric cancer patients and cell lines to clarify if rs2910164 is associated with platinum sensitivity in vivo and in vitro.
The allele frequency of rs2910164 G has been found to be different across ethnicities, ranging from 0.362 in an Asian population to 0.774 in a Caucasian population. 29 And since most studies investigating rs2910164 and gastric cancer were conducted in Chinese and Asian population, data should be extrapolated to other ethnic groups cautiously. There are some other limitations of our study. First, this was a retrospective study which enrolled only stage IB-III patients who received adjuvant chemotherapy, so selection bias might exist. Second, the sample size was relatively small, prospective large-scale studies are needed to confirm the conclusions. Finally, since we did not explore the mechanisms, further studies on the biological mechanisms are warranted.
Conclusion
In conclusion, for the first time in gastric cancer patients at stage IB-III who received adjuvant oxaliplatin and fluoropyrimidines, we demonstrated that GG carriers were more likely to develop regional lymph node metastasis, and the 3-year OS rate of GC + CC carriers was significantly higher than GG carriers. These results indicated that rs2910164 may influence the biologic features and prognosis of these patients. However, since the sample size was small and we did not explore the mechanism, further investigations are needed to verify these results.
